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Abstract: A conceptual hydrological model that links the Xin’anjiang hydrological model and a 
physically based snow energy and mass balance model, described as the XINSNOBAL model,  
was developed in this study for simulating rain-on-snow events that commonly occur in the Pacific 
Northwest of the United States. The resultant model was applied to the Lookout Creek Watershed in 
the H. J. Andrews Experimental Forest in the western Cascade Mountains of Oregon, and its ability 
to simulate streamflow was evaluated. The simulation was conducted at 24-hour and one-hour time 
scales for the period of 1996 to 2005. The results indicated that runoff and peak discharge could be 
underestimated if snowpack accumulation and snowmelt under rain-on-snow conditions were not 
taken into account. The average deterministic coefficient of the hourly model in streamflow 
simulation in the calibration stage was 0.837, which was significantly improved over the value of 
0.762 when the Xin’anjiang model was used alone. Good simulation performance of the 
XINSNOBAL model in the WS10 catchment, using the calibrated parameter of the Lookout Creek 
Watershed for proxy-basin testing, demonstrates that transplanting model parameters between 
similar watersheds can provide a useful tool for discharge forecasting in ungauged basins. 
Key words: Xin’anjiang model; snow energy and mass balance model; rain-on-snow event; H. J. 
Andrews Experimental Forest     
 
1 Introduction 
In the Pacific Northwest (PNW) of the United States, rain-on-snow (ROS) events are a 
common driver of flooding. Harr (1981) has found that many of the highest peak flows of the 
Willamette River at Salem, Oregon were associated with ROS events. The importance of these 
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events to peak discharges and flooding has been highlighted through many snow hydrology 
studies in the PNW (Harr 1981; Berris and Harr 1987; Marks et al. 1998). Experimental 
analysis of ROS events in the PNW (Berris and Harr 1987) and more recent model analysis of 
the same dataset (van Heesjwick et al. 1996) reveal that rainfall rates alone have little effect on 
snowmelt, and that snowmelt is more sensitive to wind speed. There have been several 
experimental studies focusing on energy balance (EB) dynamics of melting snow in the PNW. 
For example, Marks et al. (1998) reported that 60% to 90% of the snowmelt was driven by 
turbulent energy changes during one of the largest recorded ROS events in the region, which 
occurred in February of 1996. More recently, Mazurkiewicz et al. (2008) used a physically 
based snow energy and mass balance (SNOBAL) model to simulate snowpack accumulation 
and melt, addressing questions concerning the relative importance of various energy balance 
components at different time scales in different topographic settings. They reported the 
relative importance of EB components in causing melt changes at different time scales. At the 
event scale, net radiation was a substantial contributor to snowmelt. 
In spite of these detailed studies, there has been little work on quantifying the difference 
between precipitation estimates with and without consideration of snowmelt. Accurate rainfall 
estimation from observations is an essential prerequisite for successful hydrological modeling, 
e.g., short-term flood forecasting. Meanwhile, the effects of ROS events on the simulation 
efficiency of hydrological models are poorly understood. 
In this study, a conceptual hydrological model, the XINSNOBAL model, which links the 
Xin’anjiang model with the SNOBAL model, was developed and used to investigate the 
influence of snowmelt on runoff and peak flow of flood events. The main points explored in 
this paper are (1) testing the application of the XINSNOBAL model in the H. J. Andrews 
(HJA) Experimental Forest; (2) quantifying the difference between the simulation results with 
and without consideration of snowmelt; and (3) evaluating the efficiency of the model in the 
simulation of flood events in the WS10 catchment, with its parameters calibrated by use of the 
hydrological data in the Lookout Creek Watershed. 
2 Methods  
2.1 Xin’anjiang model 
The Xin’anjiang model was developed on the basis of the analysis of hydrological data 
from the Xin’anjiang Reservoir located in Zhejiang Province, China. The model can be used for 
flood forecasting and for runoff and streamflow simulation, and has been improved 
incrementally since it was proposed in 1973 (Li et al. 1998, 2006, 2007; Wang et al. 2007; 
Wang and Zhou 1998). It is the most widely used model for forecasting flood disasters in China, 
and has been applied extensively in most humid regions of China, which are situated in the 
south and east of the country, where the climate is warm with little snow. The model has been 
applied in other ways, such as water resources estimation, design flood and field drainage 
calculation, water project programming, and hydrological station planning. However, very few 
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studies have actually focused on its application to the simulation of ROS flood events      
in the PNW. 
According to the model structure, runoff was originally separated into two components 
using the concept of the final constant infiltration rate. However, in 1980, the model was 
modified to represent three components: surface runoff, subsurface flow, and groundwater 
flow. The main feature of the model is the concept of runoff formation based on the depletion 
of storage, which means that runoff is not produced until the soil moisture content of the 
aeration zone reaches the field capacity, and thereafter runoff equals the rainfall excess 
without further loss. The validity of the model is limited to humid and semi- humid regions. 
In the Xin’anjiang model, the basin is divided into a set of sub-basins for consideration of 
spatial heterogeneity of precipitation and underlying surfaces, and the Thiessen polygon 
method was used in this study. The simulation of the outflow from each sub-basin has four 
major components: evapotranspiration, runoff generation, runoff separation, and flow 
concentration. The flow chart of the model for calculating the outflow of each sub-basin and 
the functions, methods, and corresponding parameters of the model in different layers can be 
found in Zhao (1992). The inputs of the model are rainfall (P) and measured pan evaporation 
(EM), and the outputs are outlet discharge (Q) and actual evapotranspiration (E).  
2.2 SNOBAL model 
The SNOBAL model is a physically based snow energy and mass balance model 
developed by Marks and Dozier (1992) and described in detail by Marks et al. (1999). The 
model has been applied to different areas including Central Canada (Link and Marks 1999), 
Turkey (Sensoy et al. 2006), and the PNW (Marks et al. 1998; van Heesjwick et al. 1996; 
Mazurkiewicz et al. 2008). The required forcing data for the model are net solar radiation, 
incoming thermal radiation, air temperature, precipitation, wind speed, vapor pressure, and 
ground temperature. These forcing data were processed at three-hour intervals for model runs 
in this study. 
2.3 XINSNOBAL model 
The XINSNOBAL model is a conceptual hydrological system linking the Xin’anjiang 
hydrological model and the SNOBAL model. First, net solar radiation, incoming thermal 
radiation, air temperature, precipitation, wind speed, vapor pressure, and ground temperature 
are used as inputs of the SNOBAL model to calculate the equivalent rainfall from snowmelt, 
described as P, at three-hour intervals. Second, P calculated at three-hour intervals is 
distributed equally across one-hour intervals. Finally, the average P and EM at one-hour 
intervals are used as the inputs of the Xin’anjiang model to simulate the discharge. The 
objective of the XINSNOBAL model is to simulate large ROS flood events. Also, the model is 
used as a learning tool to understand how snowpack accumulation and snowmelt influence the 
runoff and peak discharge under ROS conditions. 
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2.4 Multi-phase parameter calibration and validation 
Traditional calibration methods of hydrological models with some particular structures 
have been aimed at finding an optimal set of parameter values to represent a watershed area. 
This produces, to some extent, uncertainty in the calibration process if there are many 
parameters in the model. As for the Xin’anjiang model, there are 15 parameters, as shown in 
Table 1. For the insensitive parameters (B, C, WUM, WLM, and EX), some empirical values 
were assigned (Zhao 1992). However, the sensitive parameters (K, WM, SM, KI, KG, CS, CI, 
CG, KE, and XE) need to be calibrated according to the calibration criteria. To reduce the 
uncertainty in the process of parameter calibration, a multi-phase parameter calibration 
method was developed in this study. According to the model calculation, all parameters in the 
model are separated into four phases: the evapotranspiration phase, runoff generation phase, 
water-source separation phase, and concentration phase. The role of the parameters in the first 
two phases is to assure a water balance between the volumes of the modeled and observed 
flows, which are more sensitive at the resolution of a 24-hour interval than at a one-hour 
interval. Therefore, a daily model (with a time interval of 24 hours) was developed based on 
the calibration of the model parameters in the evaportranspiration and runoff generation 
phases with the daily rainfall data, and then an hourly model (with a time interval of one hour) 
was developed based on the calibration of the model parameters in water-source separation 
and concentration phases with hourly rainfall data (Zhao 1992). The further adjustment of the 
parameters in the latter two phases provides for better performance of the Xin’anjiang model.  
Table 1 Parameters of Xin’anjiang model 
Phase Parameter Definition 
Evapotranspiration phase 
K Ratio of potential evapotranspiration to pan evaporation 
WM Areal mean tension water capacity 
WUM Tension water capacity of upper layer 
WLM Tension water capacity of lower layer 
Runoff generation phase 
B Exponential of distribution of tension water capacity 
C Evapotranspiration coefficient 
Water-source separation phase 
SM Free water storage capacity 
EX Exponential of distribution of free water capacity 
KI Outflow coefficient of free water storage to interflow 
KG Outflow coefficient of free water storage to groundwater flow 
Concentration phase 
CS Recession constant of surface storage 
CI Recession constant of interflow storage 
CG Recession constant of groundwater storage 
KE Residence time of water 
XE Muskingum coefficient 
The multi-phase parameter calibration method developed in this study has many 
advantages. It is relatively simple and can reduce the uncertainty in the process of parameter 
calibration. The introduction of the concept of multi-phase parameter calibration can reduce 
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the dimensions of parameters, which means that different time-scale models and different 
objective functions are used to calibrate different parameters. This dimension reduction is 
particularly useful in guaranteeing reasonably unique parameter values. 
Three goodness-of-fit measures were employed to assess the performance of the model: 
Rd , Qmaxd , and CD .  
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where CR and OR are the calculated and observed runoffs over an event, respectively.  







= ×    (2) 
where CmaxQ  and OmaxQ  are the calculated and observed peak discharges, respectively.  
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where CiQ  is the discharge of the ith simulation, OiQ  is the discharge of the ith observation, 
and OQ  is the mean of discharge over n observations. CD  is a dimensionless measure and 
allows meaningful comparisons of different events, catchments, and models. 
Furthermore, the percent bias ( BIASP ), the deterministic coefficient, and the ratio of the 
root-mean-square error ( RMSE ) to standard deviation of observed data ( SD ), described as SRR , 
were employed as goodness-of-fit criteria for model calibration and validation (Santhi et al. 
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3 Study site and data 
The developed XINSNOBAL model was applied to the Lookout Creek Watershed and 
the WS10 catchement in the HJA Experimental Forest. The forest is located on the western 
slope of the Cascade Mountains of Oregon, and encompasses the 62-km2 drainage area of 
Lookout Creek, a tributary of the Blue River in the McKenzie River Basin. The locations of 
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the study watershed and main gauging stations are shown in Fig. 1. The watershed spans 
elevations from 800 to 2 000 m and has slopes from 60% to 100%. It has been described in 
detail in previous publications (Jones and Grant 1996; Tague and Band 2001; Wemple and 
Jones 2003). The mean annual precipitation ranges from 1 800 mm at lower elevations to    
3 000 mm at higher elevations. The Mediterranean climate produces approximately 80% of the 
annual precipitation in the months between November and March, whereas summers are 
typically warm and dry. Above an elevation of 1 000 m, winter precipitation falls mainly as 
snow. The transient snow zone lies roughly at the elevation between 500 and 1 000 m. At these 
elevations, snow and rain are frequent in the winter months, and ROS events commonly occur. 
The study area is underlain by Tertiary and Quaternary volcanic rocks, primarily andesites and 
basalts, with some glacial deposits. Over 75% of the watershed area is underlain by highly 
weathered and deeply dissected volcanics.  
 
Fig. 1 Lookout Creek Watershed and WS10 catchment in HJA Experimental Forest 
Hydrological data from five permanent rain gauges from lower to higher elevations of the 
Lookout Creek Watershed were used. The rain gauges included PRIMET, H15MET, VANMET, 
CENMET, and UPLMET, with weighting coefficients of 0.217, 0.210, 0.078, 0.313, and 0.182, 
respectively (Mazurkiewicz et al. 2008). There are an evaporation station and a discharge 
station in the watershed. At each rain gauge, there are observations of air temperature, relative 
humidity, precipitation, incoming solar radiation, wind speed, ground temperature, and snow 
water equivalent. All the stations in the watershed have nearly complete records for the water 
years from 1996 to 2005 (for example, the water year of 1996 was from 8:00 a.m. on October 1, 
1995 to 8:00 a.m. on September 30, 1996), providing a unique dataset for the XINSNOBAL 
model as it is applied to discharge simulation. Data for 20 flood events between 1995 and 
2004 were used, comprising continuous hourly rainfall, evaporation, discharge, and other 
meteorological elements measured at the Lookout Creek Watershed. The data were split into 
two independent subsets for model calibration and validation. For the daily model, the data 
from 1996 to 2003 were used for parameter calibration, and the data from 2004 and 2005 
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were used to model validation. For the hourly model, data of 15 floods from 1995 to 1999 
were used for calibration, and data of five floods from 2002 to 2004 were used for     
model validation.  
For proxy-basin testing, the hourly model, with the calibrated parameters of the Lookout 
Creek Watershed, was used to simulate the discharge of the WS10 catchment. The WS10 
catchment, with an area of 0.101 km2, is very close to the Lookout Creek Watershed. The 
location of the catchment is shown in Fig. 1. The catchment has similar physical, geographical, 
and geological characteristics to the Lookout Creek Watershed. There is no rain gauge in the 
WS10 catchment. Some statistical analysis shows that the rainfall data at the PRIMET station 
correlate with the data collected in the WS10 catchment (Mazurkiewicz et al. 2008). Therefore, 
the rainfall data at the PRIMET gauging station were used to simulate the discharge of the 
WS10 catchment. Data of 11 flood events from 1996 to 2003 in the WS10 catchment were 
used to examine the simulation results. 
4 Results and discussion 
4.1 Lookout Creek Watershed simulation 
Multi-phase parameter calibration was used to reduce the uncertainty in the process of 
parameter calibration. The objective of the daily model was to determine the 
evapotranspiration and runoff generation parameters. The calibrated parameters of the daily 
model for the Lookout Creek Watershed are listed in Table 2. The water-source separation and 
concentration parameters in the daily model were used as the initial values of the hourly model. 
In the hourly model, those parameters need further modification. The final results of calibrated 
parameters of the hourly model are also shown in Table 2.  
Table 2 Parameters of daily and hourly Xin’anjiang models of Lookout Creek Watershed 
Model K WM (mm) WUM (mm) WLM (mm) B C SM (mm) EX 
Daily 0.8 120 20 70 0.2 0.15 25 1.0 
Hourly 0.8 120 20 70 0.2 0.15 55 1.5 
Model KI KG CS CI CG KE (h) XE  
Daily 0.3 0.4 0.500 0.875 0.995 1.0 0.46  
Hourly 0.3 0.4 0.875 0.955 0.995 0.7 0.48  
The daily simulation results in the calibration stage are shown in Table 3. From Table 3, it 
can be seen that except for the year of 1996, where the relative error of runoff Rd exceeds 
20%, the relative errors of runoff of all years are less than 20%. Actually, the relative errors of 
most years are less than 10%. The average over the eight years is –0.5%, approximately 
maintaining an overall water balance. The average deterministic coefficient for calibration is 
0.690. These results show that the calibrated parameters are realistic and reasonable. As for the 
validation stage (Table 4), the performance of the model over two years is seemingly 
satisfactory. The relative errors of runoff of the two years are less than 5%, and the average 
 Si-min QU et al. Water Science and Engineering, Jan. 2013, Vol. 6, No. 1, 31-43 38
deterministic coefficient is 0.741. These results show that the model performance is realistic 
and consistent with different data subsets. 
Table 3 Simulation results of daily model in calibration stage 
Year P (mm) RO (mm) RC (mm) RΔ (mm) dR (%) DC 
1996 3 012.8 2 699.2 3 259.3  560.1 20.7 0.609 
1997 3 210.0 2 888.9 2 582.9 –306.0 –10.6 0.760 
1998 2 021.3 1 674.6 1 535.7 –138.9 –8.3 0.745 
1999 2 755.2 2 210.4 2 118.2 –92.2 –4.2 0.797 
2000 2 284.9 1 710.3 1 717.5   7.2  0.4 0.765 
2001 1 342.7   744.1   789.2  45.1 6.0 0.523 
2002 2 284.2 1 691.7 1 610.4 –81.3 –4.8 0.525 
2003 2 012.0 1 459.0 1 416.7 –42.3 –2.9 0.794 
Average 2 365.4 1 884.8 1 878.7 –6.0 –0.5 0.690 
Table 4 Simulation results of daily model in validation stage 
Year P (mm) RO (mm) RC (mm) RΔ (mm) dR (%) DC 
2004 2 295.9 1 574.1 1 515.3 –58.8 –3.7 0.677 
2005 1 604.8 1 053.5 1 049.4   –4.1 –0.4 0.805 
Average 1 950.4 1 313.8 1 282.4 –31.5 –2.1 0.741 
The performance of the calibrated hourly model for the Lookout Creek Watershed is 
given for the cases with and without consideration of snowmelt in Tables 5 and 6, respectively. 
The validation results for both cases are shown in Tables 7 and 8, respectively.  
Table 5 Calibration results of hourly model with consideration of snowmelt  
Flood 




(m3/s) dQmax (%) DC 
951228 286.8 211.6 208.4 –1.51 34.3 33.9 –1.17 0.904 
960203 561.4 708.5 541.8 –23.53 185.0 108.3 –41.46 0.813 
960331 406.9 366.9 371.9   1.36 35.7 30.2 –15.41 0.668 
960512 214.8 210.0 185.4 –11.71 13.7 14.1   2.92 0.754 
961023  96.7 62.0  62.6   0.97 11.4 12.6  10.53 0.835 
961112 1 774.7 1 
849 1
1 608.8 –13.00 84.4 70.7 –16.23 0.886 
970301 404.4 420.8 370.4 –11.98 36.5 25.2 –30.96 0.669 
970413 397.9 306.6 346.6   13.05 21.2 22.2   4.72 0.760 
971028 172.5 109.7 123.4  12.49 41.6 41.5 –0.24 0.912 
971215 110.1 71.9  73.4   2.09 16.5 17.0  3.03 0.937 
980101 517.1 521.2 463.7 –11.03 34.0  26.4 –22.35 0.854 
981117 485.7 338.6 358.1   5.76 51.5 53.6   4.08 0.938 
981224 318.7 325.9 291.6 –10.52 94.3 76.6 –18.77 0.925 
990215 361.4 279.2 307.8 10.24 25.8 22.7 –12.02 0.815 
991124 637.2 504.9 583.4 15.55 89.2 87.2 –2.24 0.881 
Average 449.8 419.1 393.2 –1.45 51.7 42.8 –9.07 0.837 
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Table 6 Calibration results of hourly model without consideration of snowmelt 
Flood 




(m3/s) dQmax (%) DC 
951228 286.8 211.6 208.4  –1.51 34.3 33.9 –1.17 0.904 
960203 459.4 708.5 433.9 –38.76 185.0 90.1 –51.30 0.650 
960331 314.2 366.9 302.5 –17.55 35.7 26.4 –26.05 0.538 
960512 198.1 210.0 174.6 –16.86 13.7 13.3 –2.92 0.678 
961023  96.7 62.0  62.6   0.97 11.4 12.6  10.53 0.835 
961112 1 
774 7
1 849.1 1 608.8 –13.00 84.4 70.7 –16.23 0.886 
970301 360.7 420.8 336.8 –19.96 36.5 20.2 –44.66 0.256 
970413 226.1 306.6 211.9 –30.89 21.2 16.2 –23.58 0.422 
971028 172.5 109.7 123.4   12.49 41.6 41.5  –0.24 0.912 
971215 110.1  71.9  73.4    2.09 16.5 17.0  3.03 0.937 
980101 517.1 521.2 463.7 –11.03 34.0 26.4 –22.35 0.854 
981117 485.7 338.6 358.1   5.76 51.5 53.6   4.08 0.938 
981224 318.7 325.9 291.6 –10.52 94.3 76.6 –18.77 0.925 
990215 361.4 279.2 307.8 10.24 25.8 22.7 –12.02 0.815 
991124 637.2 504.9 583.4 15.55 89.2 87.2 –2.24 0.881 
Average 421.3 419.1 369.4 –7.53 51.7 40.6 –13.6 0.762 
Table 7 Validation results of hourly model with consideration of snowmelt  
Flood 




(m3/s) dQmax (%) DC 
020305 653.6 527.1 554.6   5.22 40.2 36.9 –8.21 0.869 
021225 280.5 217.7 212.9 –2.20 17.5 22.4 28.00 0.846 
030124 251.2 232.2 225.8 –2.76 40.2 38.2 –4.98 0.958 
031128 377.2 289.6 311.2   7.46 55.8 52.3 –6.27 0.893 
040106 614.9 717.4 535.1 –25.41 41.9 23.9 –42.96 0.561 
Average 435.5 396.8 367.9  –3.54 39.1 34.7 –6.88 0.825 
Table 8 Validation results of hourly model without consideration of snowmelt  
Flood 




(m3/s) dQmax (%) DC 
020305 488.5 527.1 404.2 –23.32 40.2 23.6 –41.29 0.353 
021225 280.5 217.7 212.9  –2.20 17.5 22.4 28.00 0.846 
030124 251.2 232.2 225.8  –2.76 40.2 38.2 –4.98 0.958 
031128 377.2 289.6 311.2   7.46 55.8 52.3 –6.27 0.893 
040106 614.9 717.4 535.1 –25.41 41.9 23.9 –42.96 0.561 
Average 402.5 396.8 337.8  –9.25 39.1 31.1 –13.50 0.722 
In addition to these performance statistics, time series hydrographs for the calibration 
stage and flood event evaluation were compared with observations, as shown in Figs. 2 and 3, 
where OQ  is the observed discharge, CQ  is the simulated discharge without consideration of 
snowmelt, and CSQ is the simulated discharge with consideration of snowmelt.  
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Fig. 2 Modeled and measured discharges in Lookout Creek Watershed in calibration stage  
 
Fig. 3 Modeled and measured discharges of Flood 020305 in                                 
Lookout Creek Watershed in validation stage 
The Xin’anjiang model uses observed precipitation data as the inputs, and it does not 
induce large errors in those flood events without snow. However, in the situations when ROS 
events occurred, the observed precipitation was usually underestimated. Using the SNOBAL 
model to simulate large ROS flood events can improve precipitation estimation significantly. 
The statistics of the average rainfall, shown in Tables 5 through 8, reveal that using the 
SNOBAL model increases the precipitation from 421.3 mm to 449.8 mm in the calibration 
stage, and from 402.5 mm to 435.5 mm in the validation stage.  
From Tables 5 through 8 and Figs. 2 and 3, it can be seen that the simulation performance 
of the XINSNOBAL model with consideration of snowmelt is better than that of the 
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Xin’anjiang model, which does not take snowmelt into account. In the calibration stage, the 
average deterministic coefficient of the XINSNOBAL model is 0.837. However, that of the 
Xin’anjiang model is only 0.762. Furthermore, the relative errors of the runoff and peak flow 
of the XINSNOBAL model are less than that of the Xin’anjiang model. The same results can 
be obtained in the validation stage. 
From a hydrological perspective, the performances of different hydrological models are 
compared by using precipitation data as their inputs and then assessing the simulated 
discharges of different models against observations. It can be seen that the XINSNOBAL 
model performed better when the precipitation data with consideration of snowmelt were used 
as inputs, while the peak discharge of ROS flood events was usually underestimated when 
snowmelt was not taken into account. This supports the view that, in the PNW of the United 
States, the XINSNOBAL model often provides a reliable and robust flow simulation. 
From Tables 9, we can also see that the daily and hourly models both show good 
performance in the Lookout Creek Watershed. 
Table 9 Performance of daily and hourly models 
Model Stage DC PBIAS (%) RSR 
Daily  
Calibration 0.720*   –1.0** 0.529* 
Validation   0.769** –7.0*  0.480** 
Hourly 
Calibration   0.897**  –4.5**  0.321** 
Validation   0.917**   1.4**  0.289** 
  Note: * means good performance, and ** means very good performance.  
4.2 Proxy-basin testing in WS10 catchment  
Using the rainfall data from the PRIMET gauging station and the calibrated parameters of 
the Lookout Creek Watershed, the XINSNOBAL model was applied to simulation of flood 
events in the WS10 catchment, and the simulation results are presented in Table 10. As 
suggested by the Rd , Qmaxd , and CD  statistics, the proxy-basin testing demonstrates good 
performance of the hydrological model. The average value of CD  demonstrates that the 
discharges simulated using the XINSNOBAL model with the calibrated parameters of the 
Lookout Creek Watershed agree with the observations. The results show that for two 
watersheds with similar physical characteristics, the calibrated parameters of one watershed 
can be successfully applied to the other one. This provides a useful tool for discharge 
forecasting in ungauged basins. 
5 Conclusions 
A conceptual hydrological model that links the Xin’anjiang hydrological model with the 
SNOBAL model was developed in this study. The resultant model was applied to the Lookout 
Creek Watershed in the HJA Experimental Forest in the western Cascade Mountains of 
Oregon, and its ability to simulate streamflow was evaluated.  
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Table 10 Simulation results of hourly model in WS10 catchment 
Flood 







961112 1 812.0 1 709.9 1 617.5 -5.40  4.81 5.13 6.57 0.878 
971028 1 76.1 69.9 82.4 17.88  2.46 2.90 18.04 0.905 
971215 118.0 91.2 79.6 –12.72  1.57 1.82 15.83 0.793 
980101 531.4 492.8 461.7 –6.31  2.72 3.13 15.08 0.736 
981117 451.9 334.5 317.1 –5.20  3.33 3.17 –4.87 0.852 
981224 345.8 342.4 303.1 –11.48  6.43 6.88 6.96 0.943 
991124 666.8 527.2 542.5 2.90  3.89 3.28 –15.59 0.856 
021225 277.4 204.4 200.5 –1.91  1.82 2.02 11.00 0.750 
030124 244.1 232.2 210.3 –9.43  3.04 3.37 10.86 0.800 
030305 744.0 604 606.5 0.41  2.66 2.52 –5.14 0.887 
031128 393.5 236.9 268.7 13.42  3.43 3.18 –7.37 0.910 
Average 523.7 440.5 426.4 –1.62 3.29 3.40 4.67 0.846 
The simulation was conducted at 24-hour and one-hour time scales for the period from 
1996 to 2005. The multi-phase parameter calibration method was adopted to reduce the 
uncertainty of parameter calibration. Results indicated that the runoff and peak discharge 
could be underestimated if snowpack accumulation and snowmelt under ROS conditions were 
not taken into account. The average deterministic coefficient of the hourly model in 
streamflow simulation in the calibration stage was 0.837, which was significantly improved 
over that of 0.762 when the Xin’anjiang model was used alone. 
Good simulation performance of the XINSNOBAL model in the WS10 catchment, with 
the calibrated parameters of the Lookout Creek Watershed, shows that there is a definite link 
between model parameters, geographical characteristics, and underlying conditions of the two 
watersheds. The benefit of transplanting parameters between similar watersheds is very 
appealing in the flood prediction of ungauged basins.  
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